Background-Interhospital transfer of acute stroke patients is becoming increasingly important as regional stroke systems of care continue to evolve. We describe the characteristics and outcomes of stroke cases transferred to hospitals participating in the Michigan Coverdell Stroke Registry. Methods and Results-Thirty-six hospitals participated in the Michigan registry during 2009 to 2011. Transfer patients were transferred from another hospital either acutely or after admission. Multivariable logistic regression was used to determine predictors of transfer and the independent association between transfer and in-hospital mortality and complications. Of 16 202 acute stroke admissions, 19.1% were transferred. Independent predictors of being transferred included younger age, hemorrhagic stroke, and higher stroke severity, but having a past history of stroke decreased the likelihood of being transferred. Transferred cases had higher in-hospital mortality (12.0% versus 6.4%; P<0.001) compared with regular admissions and were more likely to suffer complications (18.4% versus 12.8%; P<0.001). These differences remained after adjustment for confounding variables (adjusted odds ratio for mortality =1.32, 95% confidence interval 1.12, 1.56; adjusted odds ratio for complications =1.39, 95% confidence interval 1.22, 1.58). Among ischemic stroke, elevated odds of poor outcomes among transferred patients remained after adjustment for stroke severity. Conclusions-Transferred patients represent a complex admixture of patient characteristics that result in higher risks of poor outcomes. Our results suggest that it is prudent to account for patient transfer status when comparing hospital outcomes and that stroke registries need to expand their data collection capacity to provide a better understanding of the relative benefits and risks of transferring patients. (Circ Cardiovasc Qual Outcomes. 2016;9:265-274.
S troke is the fourth leading cause of death in the United States and is a major cause of long-term disability. Approximately 795 000 people in the United States experience a new or recurrent stroke each year. 1 The transfer of acute stroke patients between hospitals, particularly to specialist stroke centers, is not uncommon in the United States and is encouraged by guidelines and policies designed to promote the development of integrated systems of stroke care. [2] [3] [4] [5] The ultimate goal of such integrated systems is to ensure that stroke patients requiring specialized care beyond the capability of the initial hospital are identified and transferred to a specialist center as quickly as possible. 5 The transportation of high risk cases to specialty centers is further promoted by regional hospital bypass protocols and legislation that allows emergency medical services (EMS) to transport patients directly to specialty centers. [6] [7] [8] Despite the growing importance of interhospital transfers to stroke systems of care, there are few reports that have described the frequency, trends, characteristics, and outcomes of stroke patients who are transferred between facilities. 9, 10 Interhospital transfers of stroke patients can be categorized into either acute or delayed transfers. Acute patient transfers occur between emergency departments and most often involve patients who are candidates for urgent therapies, such as thrombolysis (tissue-type plasminogen activator [tPA]) or neurovascular surgery. Delayed patient transfers occur after admission and are prompted by the need for higher levels of specialist care which may occur in response to patients who have developed complications.
The objectives of this study include the following: (1) to compare the characteristics of acute stroke patients who were transferred to hospitals participating in the Michigan Stroke Registry (MSR) to those of regular admissions, (2) to compare the characteristics of acute transfers to delayed transfers, and (3) to determine the independent association between transfer status and in-hospital outcomes (mortality and complications).
Methods

Registry Design and Data Collection
The MSR collects data as part of the Centers for Disease Control and Prevention Paul Coverdell Acute Stroke Registry; the design and conduct of the MSR has been described previously. 11, 12 Over a 3 year period from 2009 to 2011, a total of 22 382 cases from 36 hospitals were included in the registry. Human subjects' approval was obtained from the Michigan Department of Community Health IRB. Each hospital was responsible for complying with its own IRB process before starting data collection. Because of the quality improvement focus of the project, the requirement for individual patient consent was waived. After excluding cases with in-hospital stroke (n=415), transient ischemic attack (n=4841), unknown stroke type (n=641), and unknown arrival mode (n=283), 16 202 stroke cases (13 453 ischemic, 631 subarachnoid hemorrhage, and 2118 intracerebral hemorrhage) were included in the final analysis.
Hospital Transfer and Place First Received
Hospitals participating in the MSR enter data using the Get With The Guidelines (GWTG)-Stroke Patient Management Tool (PMT). 13 The PMT specifically identifies patients who arrived to the registry hospital after being transferred from another hospital; we refer to these admissions as transferred patients in this report. The PMT also collects data on where a transferred patient first received care after arriving to the receiving (ie, registry) hospital-defined either as emergency department or direct admit. We used this variable to distinguish between acute transfers, where patients are transferred from a hospital to the emergency department (or imaging suite) of the receiving hospital, and delayed transfers, where patients are transferred from a hospital and admitted directly to the receiving hospital floor. Patients who arrived directly from home or another place of origin to the registry hospital, either by EMS or private transport, are referred to as regular admissions.
We obtained demographic and clinical information on transferred patients and regular admissions from the PMT. Because only 28% of hemorrhagic stroke cases had National Institutes of Health Stroke Scale (NIHSS) recorded, compared with 67% of ischemic stroke patients, NIHSS data are presented for ischemic stroke patients only. Information on hospital characteristics (ie, primary stroke center [PSC] certification, teaching status, bed size, and urban/rural location) were available for the registry hospitals; however, because the PMT does not collect the identity of the hospital that initiated the transfer, no hospital-level information was available for these hospitals.
Outcomes
Information on in-hospital mortality was recorded by the PMT. No information on survival post discharge was available. In-hospital complications of interest included deep vein thrombosis (DVT), urinary tract infections (UTI), and hospital-acquired pneumonia. These complications were identified according to standard case definitions used by the registry. 13 The presence of DVT was confirmed by ultrasound, venous imaging, or other diagnostic modality and could include pulmonary embolism. The presence of UTI was indicated if it was documented in the physician notes, regardless of whether the patient was treated with antibiotics. Hospital-acquired pneumonia was defined as clinical mention by the physician notes and subsequent antibiotic treatment at least 48 hours after admission. Because individual complications were relatively uncommon, they were combined to create a composite measure of any complication. For subjects treated with thrombolysis (tPA), we also documented treatment associated complications, that is, symptomatic intracranial hemorrhage or lifethreatening systemic hemorrhage.
Analysis
Descriptive statistics including means and percents were generated to describe the characteristics and outcomes of MSR patients. Chisquare statistics were used to compare patient characteristics and outcomes between transferred and regular admissions and to compare acute versus delayed transfers. t Tests and Wilcoxon rank-sum tests were used to compare group differences in means and medians, respectively. Secular changes during the 3-year time period (2009-2011) in the proportion of transferred patients each quarter were assessed using the Cochrane-Armitage test. Independent patient factors associated with transfer status (transferred versus regular admission) were identified using multivariable logistic regression. To account for hospital-level clustering, we generated logit models using general estimating equations. Potential confounding variables with a significant bivariate association (P<0.2 to enter) were included in multivariable models and retained if they remained significant in the final model (P<0.05 to stay). Age, race, sex, and stroke type were included in all multivariable models, regardless of statistical significance. We used the same modeling approach to identify independent factors associated with the type of transfer (ie, acute versus delayed transfers).
The independent association between transfer status (transferred versus regular admission) and in-hospital mortality and any complication were identified by generating separate general estimating equation multivariable logistic regression models. We tested for the presence of a significant interaction between transfer status and stroke type (ischemic versus hemorrhagic) in both the mortality and complication models. To explore the impact of stroke severity, we conducted sensitivity analyses by including NIHSS (as a continuous variable) and repeating all multivariable models; these analyses were limited to ischemic stroke cases only. All analyses were performed using SAS Version 9.2 (SAS Institute, Cary, NC).
WHAT IS KNOWN
• A major goal of integrated stroke systems of care is to ensure that patients requiring specialized care beyond the capability of the initial hospital are identified and transferred to a specialist center as quickly as possible.
• Surprisingly, little data exist regarding the frequency and outcomes of stroke patients who are transferred between hospitals, especially in the context of large quality improvement registries, such as the Coverdell Stroke Registry or Get With The Guidelines Stroke.
WHAT THE STUDY ADDS
• Nineteen percent of the 16 202 admissions recorded in the Michigan Coverdell Stroke Registry between 2009 and 2011were transferred from another hospital. Patients who were transferred were younger, had greater stroke severity, and more likely had hemorrhagic stroke. • Patients who were transferred had higher rates of in-hospital death and complications; among patients with ischemic stroke, these differences persisted after adjustment for stroke severity and other potential confounders, suggesting that this factor should be included in risk adjustment models designed to profile hospital performance. • Our findings also highlight the need for stroke registries to expand their documentation of essential information for patients who are transferred, including the timing and reasons for the decision to transfer, and the initial stroke severity at the time of first medical evaluation.
Results
Of the 16 202 cases admitted to 36 hospitals participating in MSR from January 1, 2009, to December 31, 2011, included in the analysis, 19% (N=3,091) were transferred to a registry hospital. The average age of the 16 202 admissions was 69.2 years, 51% were female, 68% were white, and 83% had an ischemic stroke. Among 2749 hemorrhagic stroke admissions, 77% (N=2118) had intracerebral hemorrhage, whereas 33% (N=631) had subarachnoid hemorrhage. A higher proportion of subarachnoid hemorrhage patients were transferred compared with intracerebral hemorrhage patients (53.9% versus 32.7%; P<0.0001).
Of the 36 participating hospitals, about half (n=17) were PSCs and ≈60% (n=21) were teaching hospitals (14 hospitals were both PSCs and teaching hospitals). Sixteen hospitals (44.4%) were classified as large (>300 beds), 7 (19.4%) medium (100-300 beds), and 13 (36.1%) small (<100 beds) hospitals. The majority of MSR hospitals (N=26; 72%) received at least one transferred patient; at the hospital level, the proportion of cases arriving via transfer ranged widely from 0.0% to 55% ( Figure) . As expected, transferred stroke patients were more likely to be sent to a PSC or teaching hospital; 92% and 96% of transferred cases were sent to a PSC or teaching hospital, respectively (compared with 71% and 89% of regular admissions, respectively).
Transfers Versus Regular Admissions
There was a significant increase (Cochrane-Armitage test; P<0.0001) in the proportion of cases that arrived via hospital transfer over the 3-year time period of the study: from 16.0% in the first quarter of 2009 to 22.4% in the last quarter of 2011. A comparison of patient characteristics between transferred patients and regular admissions is shown in Table 1 . Younger patients (≤60 years of age), men, whites, and hemorrhagic stroke cases were more likely to be transferred, whereas patients living in nursing homes and those with medical comorbidities were less likely to be transferred.
Data on tPA treatment among ischemic stroke cases by transfer status are shown in Table 2 . Among all 13 453 ischemic stroke admissions, more transferred patients received IV or IA tPA therapy (16.1%, n=332) compared with regular admissions (8.4%, n=958; Table 2 ). Among the 332 treated transferred patients, 283 (85.2%) received IV tPA and 49 (14.8%) received IA tPA. Of the 283 IV tPA-treated cases, 262 (92.6%) were drip and ship cases; these drip and ship cases represent 22.4% of all IV tPA-treated cases in the study (n=1170). Among the 958 tPA-treated patients who had a regular admission, 887 (92.6%) received IV tPA only and 71 (7.4%) received IA tPA. tPA associated bleeding complications were recorded in 24 of the 332 transferred cases (7.2%) and 54 of the 958 regular admissions (5.6%; P=0.29). tPAassociated bleeding complications were recorded in 20 (7.6%) of drip and ship cases ( Table 2) . Overall, 67% of ischemic stroke patients (n=9001) had NIHSS data recorded; this proportion was slightly higher in transferred cases compared with regular admissions (70.0% versus 66.3%; P<0.001). Transferred cases had higher stroke severity compared with regular admissions (median NIHSS 5 versus 4; P<0.0001; Table 2 ). Table 3 displays general estimating equations-based multivariable logistic regression model results for being transferred versus regular admission. There were only 3 significant independent predictors of being transferred: age, stroke type, and past medical history of stroke. The adjusted odds of being transferred was higher in patients who were younger or had hemorrhagic stroke, but interestingly, patients with a history Figure. Percent of cases transferred to a registry hospital by hospital number, 2009 to 2011. The number shown at the top of each bar represents the total number of stroke admissions at each hospital. Hospitals 1 to 10 did not receive any stroke transfer patients; 8 were rural, and 2 were urban. Hospital No. 35 serves as a regional referral center for a large rural area. N=1627) were transferred to the hospital emergency department (ie, acute transfer), and the remainder were direct admits (delayed transfer). Similar to the pattern observed for all transferred patients, patients who were younger (<60 years), white, or had hemorrhagic stroke were more likely to have an acute transfer (Table 4 ). However, after multivariable analysis (Table 5) , only stroke type remained a significant predictor of acute transfer; the odds of acute transfer were 65% higher in hemorrhagic compared with ischemic stroke patients.
In sensitivity analysis, among ischemic stroke patients, NIHSS was an independent predictor of acute transfer (aOR per NIHSS score =1.02, 95% CI 1.00-1.03; P=0.016). Adjusting for NIHSS did not meaningfully change the estimates for the other variables in the model (ie, age, race, and gender).
In-Hospital Mortality and Complications
Overall, 7.4% of the cases died in hospital; as expected, mortality was substantially higher in hemorrhagic stroke patients (22.4%) compared with ischemic stroke patients (4.4%). In-hospital mortality was higher in transferred patients compared with regular admissions (12.0% versus 6.4%; P<0.001; Table 1 ) and in acute transferred patients versus delayed (14.5% versus 9.4%; P<0.001; Table 4 ). After adjusting for confounding variables, being transferred remained a significant predictor of in-hospital mortality (aOR=1.32, 95% CI=1.12, 1.56; Table 6 ). However, the relationship between transfer status and mortality varied by stroke type (ie, transfer status-by-stroke type interaction; P=0.0036). Among ischemic stroke cases, the adjusted odds of mortality was 2× higher for transferred cases (aOR=2.14, 95% CI 1.69-2.72) compared with regular admissions, whereas among hemorrhagic stroke cases, mortality in transferred cases was similar to regular admissions (aOR=0.91, 95% CI 0.75-1.10). When added to the model that included only ischemic stroke patients, NIHSS was a strong independent predictor of mortality (aOR per unit score =1.13, 95% CI 1.11-1.15; P<0.0001), and importantly, the effect of being transferred on mortality was attenuated but remained statistically significant (aOR=1.34, 95% CI=1.02, 1.74; P=0.034).
The rates of the 3 in-hospital complications of DVT, UTI, and pneumonia were 2.0%, 9.9%, and 4.0%, respectively. After combining all 3, 14% (n=2243) of cases had at least one complication. The presence of any complication was ≈50% higher among transferred patients versus regular admissions (18.4% versus 12.8%; P<0.001). A higher proportion of acute transfer cases experienced a complication compared with those with delayed transfer (20.8% versus 15.4%; P<0.0001). After adjusting for confounding variables, transfer status remained a significant predictor of in-hospital complications (aOR=1.39, 95% CI=1.22, 1.58; Table 6 ). The interaction between transfer status and stroke type was not statistically significant (P=0.61). When added to a model that included only ischemic stroke patients, NIHSS was a strong independent predictor of complications (aOR per unit score =1.05, 95% CI 1.03-1.07; P<0.001), and the effect of being transferred on complications remained elevated (aOR=1.32, 95% CI=1.06, 1.64; P=0.012).
Discussion
Just over 19% (N=3091) of patients admitted to 36 hospitals participating in Michigan Coverdell Registry from 2009 to 2011 arrived after transfer from another hospital. The proportion of registry patients who were transferred increased during the 3-year period of the study (from 16.9% in 2009 to 21.1% in 2011). The characteristics of patients who were transferred make up an interesting admixture of factors that suggest both good as well as poor prognosis. As expected, transferred patients had more severe stroke events as indicated by the higher prevalence of hemorrhagic stroke and higher NIHSS scores among ischemic stroke cases. However, transferred patients were also younger, less likely to live in a nursing home, and had fewer medical comorbidities-all features that suggest better prognosis. These findings reflect the fact that although patients who are transferred are more likely to have severe stroke events, they also have other clinical features that suggest that a good outcome is still achievable because of the absence of negative prognostic factors, such as advanced age, multiple comorbidities, or nursing home residence. However, after accounting for all of these potential confounding variables, including ischemic stroke severity, being transferred was still found to be an independent risk factor for both inhospital mortality and complications. However, for mortality at least, the association between being transferred and higher mortality was seen only among ischemic stroke and not hemorrhagic stroke patients. Few studies have described the characteristics and outcomes of acute stroke patients who are transferred between hospital, 9, 10, 14, 15 and most of these studies have been from single referral centers. Two studies that assessed the effect of interhospital transfer in hemorrhagic stroke patients found similar rates of mortality and complications among patients who were transferred compared with direct admissions. 14, 15 Similarly, a recent study of acute ischemic stroke patients transferred to a comprehensive stroke center in Boston found that despite transferred patients having higher stroke severity, mortality and discharge disposition were similar to regular admissions. 10 However, this study population was limited to a large specialized center that provides extensive tele-stroke services; the proportion of transferred cases (55%) was, therefore, substantially higher than observed in this study (19%). To our knowledge, no other registry-based studies have reported on the outcomes and characteristics of acute stroke patients who have been transferred to registry hospitals.
In addition to the higher risk of in-hospital mortality in this study, we found transferred cases also experienced higher rates of in-hospital complications. The 2 studies that examined the impact of transfers on complication rates in hemorrhagic stroke patients found few differences between transferred and regular admitted patients. 14, 15 A review of 9 studies that reported on complications in acute stroke patients 16 found that the prevalence of complications poststroke varied widely from 0.2% to 4% for DVT, 6% to 30% for UTI, and 4% to 22% for pneumonia. The complication rates reported in our study of 2%, 10%, and 4% for DVT, UTI, and pneumonia, respectively, are therefore consistent with the rates reported in this prior review. 16 In the recent study of transferred acute ischemic stroke patients from Boston, the prevalence rate of UTI and pneumonia were 7.6% and 7.3%, respectively. The development of complications poststroke is important because they can inhibit recovery and may be associated with worse outcomes. 16 Stroke mortality is now included as part of the Center for Medicaid and Medicare Services value-based purchasing program, 17 and concern has been raised that referral hospitals that receive a large number of transferred patients may be penalized because of their poorer patient outcomes. 10 There is a belief that by accepting more severely affected patients at presentation, hospitals will face reduced reimbursements because of their higher risk-standardized mortality. Prior studies of ICU patients have highlighted the importance of admission source (ie, interhospital transfer versus regular admission) on the effect of hospital profiling and the fact that current risk adjustment methods are unable to fully account for the poorer outcomes observed in transferred patients. 18, 19 Our findings that transfer patients had poorer outcomes even after adjusting for case-mix confounding factors-including ischemic stroke severity-also emphasizes the need to continue to improve risk adjustment procedures used for hospital profiling of stroke outcomes. 20 Moreover, it seems prudent to include transfer status in all risk adjustment models, especially if stroke severity cannot be satisfactorily accounted for. There are some limitations to our data. First, the GWTG-Stroke PMT does not collect data on patient outcomes post discharge, such as disability, quality of life, stroke recurrence, rehospitalization, or survival. Second, hospital participation in MSR is voluntary, and almost half (n=16) of the participating hospitals were larger centers that are either PSCs and teaching hospitals which see higher rates of transferred patients. These results may therefore not be generalizable to other hospitals in Michigan or elsewhere. Third, we had no information about the hospitals that transferred patients to the registry hospitals. Similarly, we lacked patient-level information on the timing and reasons around the decision to transfer a specific patient to a registry hospital. With respect to complications, we do not know if the presence of complications led to the decision to transfer a patient or whether other factors, including the severity of stroke, other comorbidities, or interventions associated with being transferred (eg, use of urinary catheters or intubation), led to the later development of complications. Fourth, we were only able to adjust for stroke severity (NIHSS) among ischemic stroke patients; an equivalent severity measure for hemorrhagic stroke, such as the intracerebral hemorrhage score, was not available. Among the ischemic stroke patients, NIHSS data were missing for about one third; evidence points to there being modest bias in the documentation of NIHSS in stroke registries where data are recorded in the more severe cases. 21 Finally, although we found that stroke severity was higher in transferred cases compared with regular admissions, it is likely that the NIHSS score recorded in these transferred cases underestimates the initial value because these data were not recorded until the patient arrived at the destination hospital.
The lack of patient and hospital information relevant to the period between stroke onset and the arrival of the patient at the second (receiving) hospital is critical because it impairs our ability to quantify the benefits and potential risks of transferring patients between hospitals. Factors such as the severity of stroke at onset, time since stroke onset to first (and second) hospital admission, patient response to prior treatments, and the underlying reasons that led to the decision to transfer can all act as important confounding variables when attempting to compare outcomes between transferred and regular admissions. Although the advantages of transferring cases to specialist centers are clear in terms of the access to high-quality technical care provided by experienced operators, it is possible that delays associated with being transferred could result in poorer patient outcomes. Current clinical guidelines caution that the additional time to reach another facility should be limited to no >15 to 20 minutes. 5 Because it is unlikely that the impact of transfers will ever be tested in a randomized design, accurate assessment of the relative benefits and risks of interhospital transfer will need to rely on advanced statistical methods, 22 which in turn will rely on having access to more detailed data on the clinical factors associated with the decision to transfer a particular patient. Given the importance of interhospital transfers to comprehensive stroke centers, it is surprising how few of the comprehensive stroke centers' performance metrics address aspects specific to transfer patients. 23 Consideration should be given to developing a comprehensive set of performance metrics that are specific to transferred patients.
In conclusion, transferred patients represent a complex admixture of characteristics, indicating more severe stroke (ie, higher NIHSS) but with features that suggest better prognosis (eg, lower age, fewer comorbidities). However, even after accounting for these confounding variables, transferred patients remained at risk of having poorer outcomes. As stroke systems of care continue to evolve, registries need to expand their data collection efforts to provide a more complete understanding of the relative benefits and risks of transferring patients for acute stroke care. 24 Our results also suggest that it is prudent to account for patient transfer status when comparing hospital outcomes for hospital profiling.
